for the CNM Data Group, 1996*
Dystocia generally refers to difficult or slow labor. 1 It is a poorly specified diagnostic category that can include prolonged labor, dysfunctional labor, and failure to progress in labor. Inherent in these classifications is the differentiation of normal from abnormal labor based on the time spent in labor. The Friedman criteria for the duration of normal labor are an acknowledged standard in the United States 1 and define these time limits more stringently than norms used in other developed countries. 2, 3 Dystocia is a common diagnosis in American childbearing women. The treatments for it are often invasive and expensive and can contribute to maternal morbidity. The cesarean delivery rate remains very high in the US, approximately twice that of countries in western Europe, 4 and dystocia is a common indication for cesarean birth. After repeat cesarean section, dystocia is the largest contributor to the overall cesarean rate. 5 For women having a first child (now 41% of all births) dystocia is the major contributor to the cesarean rate. 1, 6 In addition, in 1995 some 16% of all labors in the US were augmented with oxytocin, a rise of 48% since 1989. 6 These high rates of treatment for dystocia indicate a need to reassess its definition and management. Identification of correct endpoints for normal labor requires consistent measurements in the proper reference group: healthy gravidas at term, without clinical conditions or care measures that alter the pace of labor. Nurse-midwifery practices provide an opportunity to gather observational data on normal childbearing because patients are medically low-risk, client populations are ethnically and economically diverse, and a variety of care measures are used with an emphasis on low-technology methods. Prior midwifery data from the University of New Mexico indicated that labor in low-risk gravidas lasted significantly longer than expected when compared against the Friedman criteria, and prolonged labor did not confer excess morbidity for mother or infant. 7 Because those data were from a single institution, and might be biased by characteristics of the clientele or care setting, study repetition with a larger sample from multiple sites was performed to validate the findings.
The primary purpose of this study was to measure the length of active labor, first and second stages, in a multicultural population of low-risk women who received intrapartum care in nine midwifery practices across the US during 1996. Secondary purposes were to assess patient and clinical factors associated with longer labors, and identify any increased morbidity that may accompany greater time in labor.
MATERIALS AND METHODS
The analysis sample was taken from deliveries performed by certified nurse-midwives (CNMs) in nine hospitals in the US during 1996. These are located in Albuquerque, NM at the University of New Mexico Hospital and also at the Lovelace Medical Center; in San Francisco, CA at the San Francisco General Hospital; in Los Angeles, CA at the Los Angeles County and University of Southern California Women's and Children's Hospital; in Olympia, WA at the Providence St. Peter's Hospital; in St. Paul, MN at the Ramsey Medical Center; in Reading, PA at the Community General Hospital; in Lebanon, NH at the Dartmouth-Hitchcock Medical Center; and in Burlington, VT at Fletcher Allen Health Care (formerly the Medical Center Hospital of Vermont). In each setting, CNMs managed the care of low-risk patients according to site-specific policies, and physician consultation was available as needed. Labor patients were accompanied by family members, and supportive care throughout labor was provided by midwifery and nursing personnel. Vaginal exams were performed at the discretion of the clinicians and not at prescribed intervals.
Upon joining the study, data were collected on all midwifery patients admitted in labor to each of these hospitals through December 1996. Thus, a data file based on a total consecutive sample was built. Data were recorded following each delivery using the American College of Nurse-Midwives (ACNM) Intrapartum Data Set. This is a two-page set of 35 core data items, including demographics, care measures, and outcomes of labor. This data set has been refined by the ACNM Division of Research from the original Nurse-Midwifery Clinical Data Set, a 10-page instrument. Prior assessment of data accuracy for information recorded in this abbreviated tool showed 96% agreement for all items with corresponding medical records. 8 Data sheets were completed following each delivery by the CNM of record. Data coordinators at each site periodically verified complete data collection by comparison of data sheets against log books in the labor and delivery units. Missing data items were retrieved from hospital records. On a monthly basis, data sheets were forwarded to the University of New Mexico for data entry after deletion of personal identifiers. Two individuals performed all data entry using a computer program written especially for this project. After 7 months of data were entered, computer records were compared with the original data sheets in a 5% random sample, and data entry errors were found to be under 1%.
The analysis data set was restricted to low-risk women with spontaneous onset of labor, who presented to each labor unit with regular uterine contractions and a cervical dilatation of 4 cm or less. Exclusions were patients with preterm (Ͻ37 week) or postterm (Ͼ42 week) pregnancies, medical problems (hypertension, gestational diabetes, asthma, drug use), obstetrical problems (noncephalic presentation, multiple gestation, ruptured membranes beyond 24 hours), oxytocin induction or augmentation, epidural analgesia, and operative delivery (cesarean, forceps, or vacuum extraction). Patients who arrived at the labor units in advanced labor were also excluded because an early data point for cervical dilatation was completely unknown.
Means and standard deviations were calculated for the length of active-phase labor, first stage and second stage, in nulliparous and multiparous women. The length of active-phase, first stage was defined as the time in hours for the cervix to dilate from 4 cm to complete. The length of the second stage was defined as the time in minutes from complete cervical dilatation to delivery of the infant. Both time intervals were recorded in the data set based on vaginal examinations by the CNMs. The statistical limits of normal for first and subsequent births were set at the mean plus two standard deviations (SD), as done originally by Friedman 9,10 and later investigators. 7, 11 Means and standard deviations were also calculated for subgroups of women according to additional patient and clinical variables: self-identified racial or ethnic group, maternal age, Medicaid status, primary level of activity in labor (ambulatory or recumbent), primary method of fetal heart monitoring (continuous electronic by internal or external means versus any intermittent method), and narcotic analgesia (25-50 mg of meperidine or equivalent). The statistical significance for differences in the mean length of labor was assessed by the two-sample t test or, with more than two groups, by one-way analysis of variance, between groups design with Tukey's studentized range test used to clarify any differences found.
Multivariate analysis by logistic regression was also used to assess the relation of the study variables to the risk of a prolonged first or second stage of labor (each defined as the longest quartile for parity). This technique tests the independent effect of each variable in the model on the risk of prolonged labor, with simultaneous control of the other variables. Variables are entered sequentially and retained based on a statistically significant contribution to explaining prolonged first or second stage labor in these data. Odds ratios and 95% confidence intervals are presented for variables remaining in the final models.
Four complications potentially associated with prolonged labors were also recorded in the ACNM Data Set. We examined postpartum hemorrhage, defined as blood loss greater than 500 ml per clinician estimate; postpartum fever, defined as an oral temperature of 100.4°F in the first 24 hours after delivery (many mother-baby pairs during the study period were discharged at 24 hours); a 5-minute Apgar score of less than 7, as determined by the charge RN at the delivery; and infant resuscitation, defined as any assisted ventilation with bag and mask or by endotracheal intubation. The frequencies of these complications were compared for women in the longest quartile versus all others for the length of active-phase first stage and second stage, and the two periods combined (total duration of active labor). Statistical significance for the differences in proportions was assessed by the -squared analysis procedure. Software from the SAS Institute (Statistical Analysis Systems, Cary, NC) was used for all analyses. This study was approved by the Human Research Review Committee at the University of New Mexico Health Sciences Center, and only aggregate data are presented here.
RESULTS
Data from 4745 parturients were contributed to the multi-site data file based on admission in labor to these nine nurse-midwifery practices in 1996. Following application of all exclusion criteria, 2511 (53%) remained in the analysis group. Total exclusions for each category were: preterm or postterm pregnancies, 210 patients; medical or obstetrical problems, 271; oxytocin induction or augmentation, 1336; epidural, 932; operative delivery, 578; and late arrival in labor, 161. It should be noted that 977 patients were eliminated from the analysis group for more than one reason. In eight of nine practice sites, the proportion of patient records in the analysis data file was reduced by approximately 50%, indicating similarities in client characteristics and clinical management. The exception was the Los Angeles, CA, practice site where data contribution decreased by only 13% when all exclusion criteria were applied. This was primarily explained by the very infrequent use of oxytocin and epidural analgesia in the midwifery patients in that setting. Table 1 shows demographic and intrapartum variables for the entire data set, and for the analysis sample. Table 2 shows the length of active-phase, first-stage labor by parity. The mean length of this part of labor was 7.7 hours for nulliparas and 5.6 hours for multiparas. The statistical limits of normal (2 SD beyond the mean) in this low-risk population were 17.5 hours for nulliparas and 13.8 hours for multiparas. The analysis of variance procedure indicated statistically significant differences by maternal race/ethnicity. Hispanic gravidas had a longer mean first stage than non-Hispanic white women, regardless of parity, and in multiparous women, Hispanics also exceeded Asian women. No statistically significant differences were observed according to maternal age. For all women, a longer active-phase, first stage was observed in those on the Medicaid program, those who were ambulatory in labor, those with continuous electronic fetal monitoring, and in multiparas, those who received narcotic analgesia. Table 3 shows the length of second-stage labor by parity. The mean length of second stage was 54 minutes for nulliparas and 18 minutes for multiparas. The statistical limits of normal were 146 minutes for nulliparas and 64 minutes for multiparas. The analysis of variance procedure revealed a statistically significant effect for maternal age. Nulliparous women over 30 had longer second stages than the other age groups. Continuous electronic fetal monitoring in nulliparas and use of narcotic analgesia in multiparas were associated with longer mean second stages. No significant differences were observed according to maternal race/ethnicity, insurance status, or activity in labor. Table 4 shows the results of logistic regression for factors related to prolonged first-stage (active-phase) and second-stage labor according to parity. Both ambulation in labor and continuous electronic fetal monitoring showed significant associations with prolonged firststage labor, regardless of parity. Maternal age over 30 years was associated with a prolonged second stage, particularly for nulliparas. Continuous electronic fetal monitoring showed a significant association in nulliparas, and narcotic analgesia in multiparas.
As expected, the prevalence of complications was low: postpartum hemorrhage, 6.0%; postpartum fever, 0.6%; infant resuscitation, 3.7%; and a 5-minute Apgar score of less than 7, 0.8%. No statistically significant differences were observed for any of these variables when women in the longest quartile for time in first-stage (active-phase) labor, second stage, and the two combined were compared with all other women.
DISCUSSION
The length of labor is reported here in a healthy population whose labors progressed at their own pace, and ended in spontaneous delivery. That is, no patients had interventions that would alter or truncate the usual course of labor. These labors were, on average, much longer than commonly expected. Friedman defined 2 standard deviations from the mean as the statistical limit of normal. 9, 10 In his observational data on low-risk patients in the 1960s, the statistical limit for active-phase, first stage was 8.5 hours for nulliparas and 7.0 hours for multiparas. 10(p53) In the midwifery patients in the current study, the limits were twice as long, at 17.5 hours for nulliparas and 13.8 hours for multiparas. The statistical limits for second stage were more alike, at 1.75 hour for nulliparas and 1 hour for multiparas in Friedman's data, and 2.5 hours and 1 hour, respectively, in the present study. The greater time in labor in the midwifery patients was not associated with increased morbidity for mother or infant. Morbidity measures assumed to be a function of prolonged labors, may therefore be linked with the care measures that often accompany long labors (multiple vaginal examinations, oxytocin, epidurals, assisted delivery), and not necessarily caused by the time in labor.
Patients with oxytocin or epidurals were excluded, because both affect the pace of labor. The use of these two interventions is highly discretionary in low-risk populations, and the lack of consensus on their proper use is illustrated by the wide variations in patterns of use across geographic areas, institutions, and among providers serving low-risk populations. 12 All vaginal examinations were performed by the CNMs, whose accuracy should be equivalent to that of physicians. Examinations were performed to make management decisions, not at specific intervals. Frequent assessments at standardized intervals would be required to reconstruct labor curves in contemporary populations of childbearing women. Concerns about iatrogenic infection with redundant examinations make many clinicians unwilling to depart from usual care on this matter.
Data were not collected on the latent phase of the first stage of labor. Its existence is not in question, but its measurement is problematic. It can not be verified by any objective means. The onset of labor is a self-diagnosis, and women vary widely in their awareness and reporting of the beginning of labor. Cervical anatomy at labor onset is also highly variable. We used 4 cm as the first data point for the active phase of first-stage labor to standardize the recording of data. Most women are in the active phase of first stage by 4 cm, an observation noted by many investigators. 13 Although it is possible that some women were not "active" at 4 cm, these would be counterbalanced by those in active labor before 4 cm, whose first stage interval would have been undercounted by our method of observation.
For three reasons, the true length of active labor could be longer than what we have reported here. First, the use of 4 cm as the first data point would provide a shorter average time period compared with reports from investigators who have used patient history of onset of contractions, or cervical dilatation of 2 to 3 cm as the first data point. 14 Second, we are reporting data from nurse-midwifery practices. Nurse-midwives may interact more intensely with their labor patients, and support in labor has been shown to reduce the overall length of labor. 15 In fact, the primary component of the "active management of labor," which has demonstrated efficacy in facilitating labor progress, is continuous emotional support in labor. 16 Third, the performance and timing of amniotomy were not consistently reported in the data set, and an unknown proportion of all patients may have received this procedure. If amniotomy shortens labor, the overall length of labor reported here would be an underestimate.
Site bias was considered because the Los Angeles practice contributed the largest proportion (27% of patients) to the analysis data file. Nearly all these were Hispanic women on the Medicaid program. No other site contributed more than 15% of patients and both ethnicity and insurance status were less homogenous in all other sites. Means and standard deviations in Tables 2 and 3 were calculated with and without the Los Angeles data and negligible differences were found, so data for the entire analysis sample are reported. The regression models based on the entire analysis sample (n ϭ 2511), however, retained both Hispanic ethnicity and Medicaid as associated with prolonged first-stage labor. When the Los Angeles data were dropped from the regression analysis (n ϭ 1826), the influence of both variables diminished.
Regression models (with and without the Los Angeles data) showed significant associations of ambulation in labor, continuous electronic fetal monitoring, and narcotics with longer labors. However, the timing and duration of use of these interventions in labor can not be determined from these data. Activity in labor is used by nurse-midwives as a primary intervention for slow labors, and may be associated with a lowered rate of operative deliveries. 17 In the patient population reported here, 73% of gravidas in the outer quartile for duration of labor were ambulatory, compared with 56% of the others. The influence of continuous electronic fetal heart monitoring and narcotic analgesia, both very common obstetric care measures, on labor progress deserves further study. Women over age 30 had longer second stages, but maternal age did not show a significant association with length of first-stage labor in the regression analysis.
Observational data can not delineate causal relationships. It can, however, help define the proper baseline for common clinical events. Our findings confirm a prior midwifery study 7 and indicate that, for a significant proportion of healthy gravidas in midwifery care, normal labor takes much longer than indicated by the Friedman criteria and is not associated with increased morbidity. Because obstetricians in the US care for large numbers of healthy gravidas, our findings may apply to many women in their care as well. In view of the many changes in obstetrical care, and also in the childbearing population in recent decades, a fundamental reassessment of time expectations for physiologic labor would seem to be advantageous. Others have suggested that labors progressing at 0.5 cm/hr, in the absence of other problems or symptoms, be considered within normal limits, 3, 14 and our data provide additional support for greater patience with the labor process. Appreciation of a wider range of "normal" for labor duration may help address the high rates of treatment for dystocia in the US.
